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57] ABSTRACT

A method of increasing the water resistance of a blasting
explosive comprising an organic carbonaceous fuel, an
inorganic oxidizing salt having a particular particle size
distribution and a gelling agent comprising the step of
adding to the blasting explosive a particulate filler material.
The particle size distribution of the particulate filler material
and the 1norganic oxidizing salt are selected to increase the
water resistance of the blasting explosive.
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METHOD FOR THE PRODUCTION OF AN
AMMONIUM NITRATE FUEL OIL
BLASTING COMPOSITION HAVING
IMPROVED WATER RESISTANCE

This 1s a continuation of application Ser. No. 08/327,960
filed Oct. 24, 1994,and now abandoned.

FIELD OF THE INVENTION

This mvention relates to the field of explosive composi-
fions comprising organic carbonaceous fuel and an inorganic
oxidizing salt. These compositions include ammonium
nitrate and fuel oil (hereinafter referred to as “ANFO”)
blasting explosive compositions. This invention relates to an
ANFO explosive composition having improved water resis-
tance.

BACKGROUND TO THE INVENTION

Explosive compositions comprising ammonium nitrate
have been widely used throughout the world for many years.
As ammonium nitrate 1s not readily detonatable m and of
itself, 1t 1s typically mixed with carbonaceous fuels 1n order
fo obtain a mixture which 1s detonatable. Additional com-
pounds such as sensitizers, densifiers, modifiers and surfac-
tants may also be added to an ANFO explosive composition
to 1mprove various properties of the explosive composition
including the sensitivity to detonation of the explosive, the
energy of the explosion and the flowability of the explosive
composition.

Typically, explosive compositions containing ammonium
nitrate are manufactured at the location where they are to be
utilized. For example, an ANFO explosive composition
could be prepared at a mine and 1immediately loaded into a
seriecs of boreholes. The ANFO explosive composition
would be loaded into the boreholes (typically from about 10
to 15 holes to more than about 100 holes) over a period of
days. Typically, an ANFO explosive composition may be
kept 1n a borehole anywhere from one hour up to fourteen
days prior to being detonated. If the explosive 1s a prepack-
aged explosive composition, then due to shipping and han-
dling time, the explosive composition must be stable for
extended periods of time. A prepackaged explosive may also
be stored for an extended period of time 1n a borehole prior
to detonation. In some cases, the length of time between
mixing the explosive composition and detonation of the
explosive composition may be up to ninety days.

After being drilled, a borehole may remain dry for an
extended period of time. However, 1n some cases, water will
accumulate 1n boreholes, such as from the mnflow of ground
water. ANFO explosive compositions are adversely affected
by water penetration and water absorption. Accordingly, if
an ANFO explosive composition 1s loaded into a wet bore-
hole or a borehole into which water subsequently seeps prior
to detonation, then the ANFO explosive composition may
deflagrate or, m fact, fail to detonate.

One approach which has been utilized to address this
problem has been to add guar gum or guar gum and a
mixture which includes, for example, sulphur and gilsonite
(i.e. ADTEC™) to the ammonium nitrate. One disadvantage
of this approach 1s that excessive amounts of guar gum may
be required to obtain a sufficient level of water resistance.

SUMMARY OF THE INVENTION

In accordance with the 1nstant invention, there 1s provided
a method of increasing the water resistance of a blasting

10

15

20

25

30

35

40

45

50

55

60

65

2

explosive comprising an organic carbonaceous fuel, an
inorganic oxidizing salt and a gelling agent, the method
comprising the step of incorporating particulate filler mate-
rial as part of the blasting explosive, the particulate filler
material having a different particle size distribution from the
inorganic oxidizing salt, the particle size distribution of the
particulate filler material and the particle size distribution of
the 1norganic oxidizing salt being selected to increase the
water resistance of the blasting explosive. The particulate
filler material may be incorporated into the blasting explo-
sive by mixing the particulate filler material, 1norganic
oxidizing salt, fuel o1l and gelling agent together 1n any
order.

The particulate filler material may be selected so as to
enhance the explosive force of the explosive composition.
For example, the particulate material may be an 1norganic
oxidizing salt, aluminum flakes, aluminum granules or a
mixture thereof. Preferably, the filler material 1s ammonium
nitrate and, most preferably, the particulate material com-
prises miniprills.

Preferably, the mnorganic oxidizing salt comprises ammo-
nium nitrate. The organic carbonaceous fuel 1s preferably

fuel oi1l, such as No. 2 fuel oil.

It 1s preferred that the organic carbonaceous fuel 1s present
in an amount from about 2 to about 10 wt. % based upon the
welght of the inorganic oxidizing salt and the fuel. More
preferably, the organic carbonaceous fuel 1s present m an
amount from about 4 to about 8 wt. % and, most preferably,
the ratio of 1norganic oxidizing salt to organic carbonaceous
fuel 1s about 94:6. The explosive composition when loaded
into a borehole 1s a sensitized blend of 1norganic oxidizing
salt, organic carbonaceous fuel and gelling agent.

The gelling agent may be selected from any of those
which are currently used 1n the industry. The gelling agent
1s preferably guar gum, such as a cold temperature hydrating
ouar gum. The guar gum may be self cross-linking.

The constituents of the particulate filler material prefer-
ably have a smaller particle size than the inorganic oxidizing
salt particles. The particulate filler material will situate 1tselt
in 1nterstitial spaces between the inorganic oxidizing salt
particles. Accordingly, the particulate filler material
decreases the voidage of the ammonium nitrate/particulate
filler material mixture.

The particle size distribution of the particulate filler
material and the morganic oxidizing salt may be mutually
selected to produce an explosive composition which 1s
sensitized and has increased water resistance. Alternately,
the particle size distribution, and the quantity of, the par-
ticulate filler material may be selected, 1n view of the
characteristics of an ANFO explosive composition, to pro-
duce an explosive composition having increased water resis-
tance. For example, in one embodiment, the explosive
composition may be an ANFO explosive to which miniprills
are added. The miniprills may be added to an existing ANFO
explosive composition or, alternately, the miniprills may be
added to the ammonium nitrate prior to the production of the
ANFO explosive composition.

The ANFO explosive composition may comprise from
about 5 to about 50% muiniprills, more preferably from about
5 to about 30% miniprills and, most preferably about 30%
miniprills, based upon a weight of the ammonium nitrate.
This produces an explosive composition having a wider
particle size distribution and a decreased voidage.

In another embodiment, instead of adding a particulate
filler material such as miniprills to the ammonium nitrate,
ammonium nitrate may be passed through a plurality of
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sieves to provide ammonium nitrate for incorporation into
an ANFO explosive composition wherein the particle size
distribution of the ammonium nitrate has been selected to
increase the water resistance of the blasting explosive.

In a further embodiment, the prill manufacturing process,
cg. the operating parameters of the prilling tower, may be
adjusted to produce ammonium nitrate having a particle size
distribution which 1s selected to increase the water resistance
of the blasting explosive.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The explosive composition of the present invention com-
prises an explosive mixture of organic carbonaceous fuel
and 1norganic oxidizing salts.

The organic carbonaceous fuel may be selected from any
fuel known 1n the art. The fuel may be a solid (e.g. a wax)
or a liquid (e.g. fuel oil, heating oil, diesel fuel, jet fuel,
kerosene, mineral oils, saturated fatty acids such as lauric
acid and stearic acid, alcohols such as cetyl alcohol, corn oil,
soy bean oil and the like) or a mixture of solid and liquid
fuels. Such fuels may also be supplemented with fuel-
soluble 1ngredients such as glucose, mannose, fructose,
waxes, such as microcrystalline wax, paratlin wax, petro-
leum wax and the like. Preferably, the organic carbonaceous
fuel comprises fuel o1l, such as No. 2 tuel o1l

The 1norganic oxidizing salt may comprise ammonium
nitrate. The ammonium nitrate 1s 1n the form of separate
discrete particles, such as prills, granules, pellets and/or
fines as opposed to cast or powdered ammonium nitrate or
solutions thereof. Particulate ammonium nitrate suitable in
ANFO blasting explosive compositions are known 1n the art.

The size of the ammonium nitrate particles may be
sufliciently small to pass through a 6 Tyler™ sieve but
suificiently large so that most particles are retained on a 35
Tyler sieve. Typically, ammonium nitrate used in explosive
compositions comprises particles wheremn about 95% or
more pass through a Tyler 6 sieve but are retained on a 35
Tyler™ sieve. Typically, such prills have a particle density
of from about 1.35 g/cc to about 1.5 g/cc and a poured
density of 0.7 g/cc to 0.85 g/cc, preferably from about 0.75
g/cc to about 0.85 g/cc. In the trade, such porous ammonium
nitrate particles are known as prilled ammonium nitrate.

A portion of the ammonium nitrate component may be
replaced by other mnorganic oxidizer salts known in the art
including alkali metal nitrates and perchlorates (such as
sodium nitrate and potassium nitrate) or alkaline-earth metal
nitrates and perchlorates (such as calcium nitrate, magne-
sium nitrate and barium nitrate). These additional compo-
nents may be added 1in an amount from about 0 to about 20
wt. % and, more preferably from about O to about 15 wt. %
based upon the weight of the ammonium nitrate particles.

It 1s preferred that the organic carbonaceous fuel is present
in an amount from about 2 to about 10 wt. % based upon the
welght of the carbonaceous fuel and imorganic oxidizing
salts. More preferably, the organic carbonaceous fuel 1is
present 1n an amount from about 4 to about 8 wt. % and,
most preferably, the ratio of inorganic oxidizing salts to
carbonaceous fuel 1s about 94:6.

The explosive composition of the present invention con-
tains sufficient organic carbonaceous fuel so that the explo-
sive composition 1s essentially oxygen balanced, taking into
consideration the total oxidizing salts, fuel, sensitizers and
other additives present 1n the explosive. Preferably the blend
has an oxygen balance more positive than about —25% and,
more preferably, i the range of about —10 to +10%.

The 1organic oxidizing salt particles are mixed with a
oelling agent. The gelling agent swells or hydrates upon
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contact with water, such as the water which may be present
in a borehole or which may flow into a borehole, forming a

oel. The gel acts as a barrier which prevents, or at least
reduces, the absorption of water by the morganic oxidizing
salt particles. The gelling agent may be any of those known
in the art. Guar gum 1s the preferred gelling agent. However,
other agents such as polyacrylamide, carboxy methyl or
cthyl cellulose, biopolymers such as xanthan gum or deriva-
fives of guar gum such as hydroxyethyl or hydroxypropyl
cuar can be employed. Further, the guar gum may be self
cross-linking or a suitable crosslinker for the gelling agent,
such as, for example, potassium pyroantimonate, boric acid,
ferric chloride or other heavy metal compounds can be
added as desired or these compounds may be present in the
cuar gum. Alternately, guar gum and a mixture which
includes, for example, sulphur and gilsonite (i.e. ADTEC™)
may be used.

Generally, the gelling agent will be present 1n an amount
from about 0.1 to about 10 wt. % based upon the weight of
the explosive composition, and more preferably, from about
5 to about 10 wt. %.

In one embodiment, the explosive composition further
includes particulate filler material. The particulate filler
material may be made from any compound which would not
have a deleterious effect on the explosive composition.
Accordingly, the particulate filler material may be an inert
substance which produces a neutral effect on the force of the
explosion on detonation of the explosive composition.
Alternately, the particulate filler material may be an active
ingredient which would act as a fuel increasing the force of
the explosive composition. Accordingly, the particulate filler
material preferably comprises an inorganic oxidizing salt,
aluminum flake, granular aluminum or mixtures thereof and,
most preferably, ammonium nitrate.

The particulate filler material 1s sized to {ill at least a
portion of the interstitial spaces between the inorganic
oxidizing salt particles. If too high a percentage of the
interstitial spaces are filled, then the sensitivity of the
explosive composition 1s reduced. Generally, the particle
size of typical ammonium nitrate prills which are utilized to
manufacture ANFO explosive compositions have a prill size
between Tyler 6 and 35, with over 90 wt % of the prills being
retained on a sieve size of Tyler 10 or 14. Accordingly, the
particle size of a substantial portion of the particulate filler
material preferably passes through Tyler 14 sieve. For
example more than about 50 wt. % of the particulate filler
material may be retained on Tyler sieve sizes 20, 28 or less,
preferably more than about 70 wt. % and most preferably
about 80-90 wt. %. Accordingly, the particle size distribu-
tion of the ammonium nitrate and the particulate filler
material may be bimodal.

By combining the particulate filler material and the
ammonium nitrate prills, the solid particles of the explosive
composition (namely the ammonium nitrate and the particu-
late filler material) may comprise from about 15 to about 60
wt. % particles which are retained on a Tyler 10 sieve, from
about 15 to about 60 wt. % particles which are retained on
a Tyler 14 sieve and from about 20 to about 60 wt. %
particles which are retained on a Tyler 20 sieve. Preferably,
from about 25 to about 60 wt. % of the particles are retained
on a Tyler 10 sieve, from about 15 to about 45 wt. % of the
particles are retained on a Tyler 14 sieve and from about 20
to about 40 wt. % of the particles are retained on a Tyler 20
sieve. Most preferably, from about 35 to about 50 wt. % of
the particles are retained on a Tyler 10 sieve, from about 20
to about 40 wt. % of the particles are retained on a Tyler 14
sieve and from about 20 to about 40 wt. % of the particles
are retained on a Tyler 20 sieve.

As discussed above, the average particle size of the filler
material 1s generally less than the average particle size of the
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inorganic oxidizing salt. The ratio of average particle size of
the particulate filler material to the 1norganic oxidizing salt

may be from about 0.3:1 to about 0.8:1 and, preferably from
about 0.5:1 to about 0.6:1. At this level, at least some of the
particulate filler material fits within the interstitial spaces of
the 1norganic oxidizing salt particles and accordingly
decreases the voidage thereof.

A particularly preferred particulate filler material com-
prises miniprills. Miniprills are particulate ammonium
nitrate particles wherein, generally, at least about 95 wt. %
of the particles pass through a 12 Tyler screen mesh size and
at least about 95% of the particles are retained on a 28 Tyler
screen mesh. The particle size of at least 95% of the
ammonium nitrate miniprills will preferably range from
about 0.4 mm to about 2.4 mm and, more preferably, from
about 0.6 mm to about 1.4 mm. Miniprills typically have a
high density which may range from about 0.85 to about 1.05
g/cc, preferably, from about 0.90 to about 1.0 g/cc, and most
preferably, about 0.95 g/cc, as determined by weighing an
untapped sample of the prills in a container of known
volume. Miniprills may be prepared by conventional means,
such as spraying molten ammonium nitrate containing very
little moisture (e.g 0.1 to 0.4 wt. % water and preferably less
than 0.2 wt. % water) at elevated temperature (e.g. 175° C.
or higher) into a prilling tower countercurent to cooling air
which solidifies the droplets into prills which are ultimately
cooled to ambient temperature. This results 1n the production
of miniprills which are generally round.

The explosive composition may comprise from about 5 to
about 50% miniprills, more preferably from about 5 to about
30% miniprills and, most preferably about 30% miniprills,
based upon a weight of the ammonium nitrate.

The ability of the particulate filler material to fill the
interstitial spaces of the 1norganic oxidizing salt 1s enhanced
if the shape of the inorganic oxidizing salt particles and the
particulate filler material are complimentary. For example, 1f
the 1norganic oxidizing salt particles are generally round 1n
shape (e.g. ammonium nitrate prills), then the use of par-
ticulate filler material which 1s generally round in shape,
such as miniprills prepared 1n a prilling tower, 1s preferably
utilized. It will be appreciated that if the 1norganic oxidizing
salt particles are of a different shape, then the complimentary
shape of the particulate filler material will vary.

The particulate filler material may be incorporated 1nto
the blasting explosive by mixing the particulate filler
material, inorganic oxidizing salt, fuel o1l and gelling agent
together 1n any order. The particulate filler material 1s
preferably mixed with the inorganic oxidizing salt. The
mixture of ammonium nitrate and particulate filler material
may then be mixed with the fuel o1l to produce a sensitized
blasting explosive composition. This composition may then
be mixed with the gelling agent to produce the blasting
explosive of the instant invention. Alternately, the inorganic
oxidizing salt, the fuel o1l and the gelling agent may be
mixed 1n any manner known 1n the art to produce a sensi-
tized blasting explosive and the particulate filler material
may then be added to the blasting explosive to produce the
blasting explosive of the mstant invention having improved
water resistance. Alternately, the particulate filler material
may be added at an intermediate stage.

The forgoing discussion has been premised upon the
assumption that the particulate filler material 1s selected
based upon the analysis of the shape and size of an existing,
supply of mnorganic oxidizing salt particles. This may par-
ticularly be the case, for example, where a manufacturer of
explosive compositions had an existing inventory of ammo-
nium nitrate particles but intends to produce and ANFO
requiring enhanced water resistance. In such a case, the
manufacturer may accordingly locate a source of particulate
filler material, e.g. miniprills, having the desired shape and
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size distribution to produce an explosive composition
according to the instant imvention having improved water
resistance.

Alternately, for example 1f the manufacturer does not have
an mventory of ammonium nitrate, an explosive composi-
tion according to the instant invention may be prepared by

mutually selecting the size and shape of the inorganic
oxidizing salt particles and the filler material.

It will also be appreciated that an appropriate size distri-
bution of ammonium nitrate particles may be prepared, not
by mixing ammonium nitrate and particulate filler material
together, but by producing ammonium nitrate particles hav-
ing a particle size distribution such as that which would be
obtained by mixing together ammonium nitrate particles and
miniprills. Thus ammonium nitrate having a decreased void-
age would be directly produced. This may be achieved by
screening ammonium nitrate particles to produce particles
having a particle size distribution similar to that which 1s
achieved by mixing conventional ammonium nitrate par-
ticles and miniprills.

In a further embodiment, the prill manufacturing process,
cg. the operating parameters of the prilling tower, may be
adjusted to produce ammonium nitrate having a particle size
distribution which 1s selected to increase the water resistance
of the blasting explosive (e.g. particles having a particle size
distribution similar to that which 1s achieved by mixing
conventional ammonium nitrate particles and miniprills).

The 1nvention will be further understood by the following
examples which are not to be construed as a limitation on the
invention. Those skilled 1n the art will appreciate that other
and further embodiments are obvious and within the spirit
and scope of this invention from the teachings of the present
examples taken with the accompanying specifications.

EXAMPLE 1

Various explosive compositions were prepared using two
different sets of ammonium nitrate particles and commer-
cially available ammonium nitrate miniprills which were
manufactured by Sheritt Inc. The miniprills had a untapped
bulk density of 0.90 g/cc. The particle size distribution of the
ammonium nitrate particles and the miniprills 1s set out 1n
Table 1.

TABLE 1

PARTICLE SIZE DISTRIBUTION

TYLER MESH Particle Set A Particle Set B MINIPRILLS
SIZE (%) (%) (%)
6 0 0 0
10 63.5 82 1
14 21.5 14 20
20 14.6 4 68
35 2 0 11
Through 35 2 0 0

The following mixtures of ammonium nitrate particles
and miniprills were prepared. The particle size distribution
of these mixtures are set out in Table 2. In total, the
following mixtures were prepared.

Run No. 1: 10% miniprills and 90% particle set A
Run No. 2: 20% miniprills and 80% particle set A
Run No. 3: 30% miniprills and 70% particle set A
Run No. 4: 40% miniprills and 60% particle set A
Run No. 5: 50% miniprills and 50% particle set A
Run No. 6: 10% miniprills and 90% particle set B
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TABLE 2

PARTICLE SIZE DISTRIRUTION OF MIXTURES

TYLER MESH
SIZE RUN NO.1 RUNNO.2 RUNNO.3 RUNNO.4 RUNNO.5 RUN NO. 6

6 0.00 0.00 0.00 0.00 0.00 0.00

10 57.26 51.00 44.75 38.50 32.25 73.91

14 21.35 21.20 21.05 20.90 20.75 14.60

20 0.94 5.08 30.62 35.96 41.30 10.39

35 1.28 0.36 3.44 4.52 5.60 1.10
Through 35 0.18 0.16 0.14 0.12 0.10 0.00

As can be seen from Table 2, the addition of even 10% of
miniprills produces a wider particle size distribution. This
reflects the fact that the mixture of Run No. 1 would have a
smaller voidage. The wider particle size distribution results
In a surprising increase 1n water resistance.

EXAMPLE 2

Explosive compositions were prepared using the ammo-
nium nitrate and miniprills of Example 1. In particular, an
explosive composition was prepared by mixing particle set
A and fuel o1l 1n a weight ratio of 94:6. This ANFO mixture
was then mixed with 7 wt. % guar gum. Similarly, explosive
mixtures were prepared using particle set B and the ammo-
nium nitrate/miniprill mixtures of Run Nos. 1 & 6.

The water resistance of the these explosive compositions
was then measured according to the following procedure.
The required density of the explosive composition was first
selected. A suificient weight of ANFO blasting explosive
was then placed mnto a 1,000 ml graduated cylinder. The
cylinder was gently tapped until the contents were level with
the 1,000 ml mark. 100 m1 of cold tap water was poured 1nto
the centre area of the ANFO blasting explosive in the 1,000
ml graduated cylinder. The water was gently poured over the
top of the ANFO for a period of about 15 seconds. The
ANFO and water was then allowed to stand for one hour. At
the end of the hour, the deepest penetration of the liquid in
the 1,000 ml graduated cylinder was measured. The results
are set out 1n Table 3.

TABLE 3
DEPTH OF WATER PENETRAITTON
EXPLOSIVE MIXTURE DEPTH (cm)
Particle set A 11
Run No. 1 5.5
Particle set B 24.5
Run No. 6 16

As can be seen from the forgoing table, the addition of
10% muniprills to each of particle sets A and B resulted 1n an
explosive composition having improved water resistance.
With respect to particle set A, the depth of water penetration
decreased from 11 cm to 5.4 c¢cm and, with respect to the
particle set B, the penetration decreased from 24.5 to 16 cm.

EXAMPLE 3

In order to further illustrate the performance of the
explosive composition containing miniprills, the water
absorption of the explosive composition was measured.
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Accordingly, after the depth of water penetration was mea-
sured for Example No. 2, the water remaining on the top of
the explosive composition in the 1,000 ml graduated cylin-
der was poured off and the volume measured mn a 100 ml
oraduated cylinder. The explosive composition prepared
using only the ammonium nitrate particles of particle set A
absorbed 80 ml of water. Accordingly, only 20 ml of water
was poured off. However, the explosive composition of Run
No. 1, which contained 10% miniprills mixed with the
ammonium nitrate of particle set A, absorbed only 40 ml of
water. Accordingly, 60 ml of water was poured off. Once
again, 1t can be seen that the small addition of miniprills to
conventional AN prills resulted 1n a 50% reduction 1n the
amount of water absorbed by the explosive composition.

We claim:

1. The use of a particulate filler material 1n a blasting
explosive comprising an organic carbonaceous fuel com-
prising fuel oil, an i1norganic oxidizing salt comprising
ammonium nitrate and a gelling agent present 1n an amount
from about 0.1 wt % to about 10 wt. % based on the weight
of said explosive composition to reduce the voidage 1n the
blasting explosive and increase the water resistance of the
blasting explosive, said particulate filler material comprising,
ammonium nitrate miniprills.

2. The use of particulate filler material as claimed 1n claim
1 wherein the ratio of the average particle size of the
particulate filler material to the average particle size of the
morganic oxidizing salt 1s from about 0.3:1 to about 0.8:1.

3. The use of particulate filler material as claimed 1n claim
1 wherein the ratio of the average particle size of the
particulate filler material to the average particle size of the
inorganic oxidizing salt 1s from about 0.5:1 to about 0.6:1.

4. The use of particulate filler material as claimed 1n claim
1 wherein said explosive composition comprises from about
5 to about 50% particulate filler material.

5. In a method of producing a blasting explosive com-
prising manufacturing an 1norganic oxidizing salt including
ammonium nitrate having a particular particle size distribu-
tion and mixing said inorganic oxidizing salt with an organic
carbonaceous fuel mncluding fuel o1l and a gelling agent to
produce said blasting explosive, the step of adjusting the
particle size distribution of said inorganic oxidizing salt
produced by said manufacturing step to produce a blasting
explosive having improved water resistance, said explosive
composition comprising from about 0.1 wt. % to about 10
wt. % gelling agent and from about 5 to about 50% mini-
prills.
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